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SUMNARY 

This repor t  presents  the  wideband waveforms recorded during the  1982 

d i rec t - s t r ike  l igh tn ing  tests of the NASA Langley Research Center 

lightning-instrumented F-106B a i r c r a f t .  The tests were conducted wi th in  about 

150 nau t i ca l  miles of the NASA Langley Research ‘Center, Hampton, Virginia,  

where the a i r c r a f t  w a s  based. The e n t i r e  t r ans i en t  recorder da ta  obtained f o r  

156 s t r i k e s  i n  the  1982 campaign are presented i n  t h i s  report .  

SYMBOLS 

rate of change of magnetic f l u x  densi ty ,  tesla pe r  second i 
b 

-i: 

I cur ren t ,  ampere 

A/m2 ampere pe r  square meter 

m meter 

MHZ mega her t z 

T I S  tesla pe r  second 

A ampere 

AIS ampere pe r  second 

rate of change of electric f l u x  densi ty ,  ampere pe r  square meter 

rate of change of curren t ,  ampere p e r  second 



INTRODUCTION 

This r epor t  p resents  t h e  wideband d i r ec t - s t r ike  l i gh tn ing  da ta  obtained 

from the  d i g i t a l  t r a n s i e n t  recorders during 1982 l i gh tn ing  f l i g h t  tests of t he  

NASA Langley Research Center lightning-instrumented I?-106B aircraft. 

were 156 s t r i k e s  t o  t h e  a i r c r a f t  during t h i s  campaign; t h e r e  were 10 s t r i k e s  

There 

i n  each of t he  1980 and 1981 tests which were reported i n  references 1 and 2. 

The instrumentation system, t r a n s i e n t  recorders, sensors,  and a summary 

overview of the  previous tests are presented i n  references 3 ,  4 ,  5,  and 6,  

respectively.  

1982 Lightning Data 

The 1982 tests resu l ted  i n  156 d i r e c t  s t r i k e s  t o  the  a i r c r a f t  from storm 

penet ra t ion  f l i g h t s  a t  f l i g h t  levels generally above 20,000 f e e t .  Table 1 

summarizes, by f l i g h t  number, t he  1982 data  records. 

I ,  and i are the  run numbers which iden t i fy  each 1310 microsecond record 

acquired during s t r i k e s  and nearby s t r i k e s  from the  Ib, i, I, and 

lO-nanosecond sample in t e rva l s .  Time h i s t o r i e s  of each record and expanded 

The e n t r i e s  under 6, 8 ,  

sensors a t  

t i m e  segments of t he  dynamic por t ions  of the  records are included i n  t h i s  

report .  Sensor loca t ions  on the  a i r c r a f t  are shown i n  f i g u r e  1. I and 

sensors a t  loca t ion  1 measure t h e  current and rate-of-change of cur ren t  i n  t h e  

p i t o t  boom. 

and t h e  6 sensor (labeled i3 

s i g n  conventions es tab l i shed  f o r  the  measurements shown i n  f i g u r e  1 i n d i c a t e  

p o s i t i v e  q u a n t i t i e s  i n  t h e  d i r e c t i o n  of t he  arrows; t he  r e l a t i o n  between the  

s i g n  conventions of t he  var iab les  D, B, and I and t h e i r  de r iva t ives  are shown 

i n  the  measurement po la r i ty  t i m e  h i s to ry  a l s o  i n  f i g u r e  1. 

The 6 sensor (labeled hF on the waveform p l o t s )  i s  a t  loca t ion  2 

on the  waveform p l o t s )  i s  a t  loca t ion  6. The L 
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The system's ewo t r a n s i e n t  recorders were connected t o  D and I sensors 

f o r  f l i g h t  82-010, h and I sensors f o r  f l i g h t s  82-013 through 82-028, b and h 

sensors f o r  f l i g h t s  82-029 through 82-042, and 

82-043 through 82-047. 

t a b l e  2. 

and I sensors f o r  f l i g h t s  

Measurement ranges and thresholds are shown i n  

The two t r a n s i e n t  recorders operate and ' t r i g g e r '  independently, and 

although both recorders capture measurements from the  same l igh tn ing  event, 

the  t i m e  scales on the  p l o t s  are not referenced t o  the  same s ta r t  t i m e .  

However, a number of the  expanded waveforms have s i g n i f i c a n t  c h a r a c t e r i s t i c s  

which can be used t o  a l ign  the  p l o t s  f o r  those events. The waveform p a i r s  

which can be compared (over la id)  i n  t h i s  manner are: F l igh t  82-037 -Run 4; 

Fl igh t  82-038 - Kuns 2, 4, 7 ;  Fl igh t  82-039 - Run 2; F l i g h t  82-040 - Kuns 4, 

7 ;  Fl ight  82-042 - Kuns 2, 4, 6, 9 and Fl ight  82-044 - Runs 1, 2, 3, 4. 

A recur r ing  problem i n  the  e l ec t ron ic s  of one of the  t r a n s i e n t  recorders 

created per iodic  d i s c o n t i n u i t i e s  i n  some of t he  recorded waveforms. These 

da t a  samples were de le ted  from t h e  p l o t s ,  leaving gaps i n  some of the  

waveforms. 

This r epor t  a l s o  presents  l igh tn ing  current waveforms which w e r e  

recorded by the  Boeing Company developed da ta  logger described i n  reference 7. 

The da ta  logger was connected t o  a current sensor on t he  p i t o t  boom f o r  a l l  

f l i g h t s .  

The maximum recorded values from the 1982 tests are as follows. The 

maximum curren t  was 8 kA recorded on Fl ight  82-017, Run 3. The maximum rate 

of change of curren t  recorded from the  sensor on F l i g h t  82-044, Run 4 

exceeded the  fu l l - sca l e  range of 4.76 x lolo A / s ;  t he  maximum rate of change 

of current derived graphica l ly  from t h e  leading edge of the  simultaneously 
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recorded cur ren t  waveform w a s  8.8 x lo lo  A/s .  

Kun 7 )  w a s  approximately 2800 T / s  and the  maximum 6 (F l igh t  82-017, Run 2)  w a s  

13  A/m . Much of the data exh ib i t s  the  severa l  a i r c r a f t  resonances ( r e f .  8 )  

which are i n  the  range of abobt 6 MHz t o  25 MHz, 

The maximum 6 (F l igh t  82-038, 

2 
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FlOBITK 10/82-010/THOMFlS TEST NO= 82-010 RUN NO. 1 



OR! 
OF 

FlOWTK 8/82-010/THOMQS TEST NO. 82-010 RUN NO. 2 



F l O W T K  10/82-010/THOMRS TEST NO. 82-010 RUN NO. 2 

D DOT FWD A/m2 



F1061TK 10/’82-010/THOMRS TEST NO- 82-010 RUN NO. 3 



F106 LIGHTNING/TK.lO/M.THOM~S TEST NO= 82-013 RUN NO. 1 

D DOT FWD A/m2 



F106 L I G H T N I ~ G / T K = 0 8 / M = T ~ ~ M ~ S  TEST NO= 82-013 RUM NO9 2 

4 cn 



F106 LIGHTNING/TK.08/MmTHOMQS TEST NO= 82-013 RUN NO. 3 

I F1 

I- 



F 106 L. I GHTN I NG/TK 1 O i M  - THOMFtS 

OF 

TEST NO= 82-013 RUN NO. 3 



F106 LIGHTN1NG/TK.08/MmTHOMQS TEST NO= 82-013 RUN NO. II 

I 



F106 LIGHTNING/TK=08/M*THOMFlS TEST NO= 82-013 RUN NO= 5 



F106 LIGHTNING/TK8/M0THOMQS TEST NO-  82-017 RUN NO* 2 

c % 
P 

I 
1 

4 cn 



OR1 
OF 

F106 LIGHTNING/TKlO/M.THOMFlS TEST NO= 82-017 

D DOT FWD Aim2 

I 

RUN NO= 2 



F106 L ~ G H T ~ I N ~ / T K 8 / M ~ T H ~ M ~ S  TEST NO- 82-01? RUN NO. 3 

I R 
w I c. Y 

I 
ffl 0 Ui 0 0 ffl 

I 
w 

0 
X 
c 

0, 

r 
OD 
4 

N 
ul 

Y 
?= 
ul 
0 



F106 LIGHTNING/TK8/M.THOMRS TEST NO= 82-017 RUN NO. L l  

I F1 
t Y Y 

I 
cn 0 m 0 m 0 01 

I 
Y Y 

0 
x 
I 

0, 

c 
W 

N m 
? 

3 sr 
cn 
0 

t Y 
I 
cn 0 m 0 m 0 

I 
Y Y 

0 

c 
W 

N m 
? 

3 sr 
cn 
0 

Y 

01 

0, 



F106 LIGHTNING/82-020/PCM/THOMRS TEST NO- TK-10 

D DOT FWD A/m2 

RUN N O *  1 



F106 LIGHTNING/82-020/PCM/THOMGS 

D DOT FWD A/m2 

TEST NO. TK-10 RUN N O -  2 

I I 1 I I 

r 

?I cn 0 -t 



F 106 L IGHTN I NG/82-020/P~i"l/THOM~S TEST NO 0 TK-10 RUN NO. 3 

D DOT FWD Aim' 



F106 LIGHTNING/82--023/PCM/THOMRS TEST NO= TK-10 RUN NO. 1 

D DOT FWD A/m2 
I 1 c. I 

Iv CD +!= 0 +I= CD fu 
c. 

0 l l I I I I I ~ I I I I I I I I I / I I I I I I I I I  I1 I l l l l l l ~ l l l l l l l l l ~ I I I I I I I I I ~  



Fi06 LIGHTNING/82-023/PCM/THOMRS TEST NO= TK-8 RUN NO. 2 



ORlC 
OF P 

F106 LIGHTNING/82--023/PCM/TH0MfIS TEST N O -  TK-10 RUN NO. 3 

D DOT FWD A/m2 
I CL I 

I 

ro 0 3  CF 0 
I.... 

1 0 

&-.- 

co 
-4 

N 
u1 



106 LIGHTNING/PCM/TKlO/M.THOMRS TEST NO= 82-02'4 RUN NO. 1 

-4 m 



06 LIGHTNINWP 

I 

0 

0 
-4 

cn 
I;E ‘i 0 



106 LIGHTNIMG/PCM/TKlO/M.THOMRS TEST NO= 82-021.1 

i 

RUN NO. 3 



OR1 
OF 

106 L IGHTNING/PCM/TK lO/M.TH~M~~ TEST NO. 82-021-1. RUN NO. ik 

D DOT FWD A/m2 
I 



106 LIGHTNING/PCM/TKlO/M.THOMRS TEST NO. 82-0211 RUN NO. 5 

D DOT FWD A/m2 



106 ~IGHT~ING/PCM/TKIO/M~THOMRS TEST NO= 82-02'4 

D DOT FWD Aim2 
I-. 

1 6 03 Iu 
r n l  I I I 1  I I I I I I I I I I I I I !  I I I I I I 



106 LIGHTNING/PCM/TK8/M=THOMRS TEST NO= 82-02'4 RUN NO. 7 

I 



106 L I G H T N I N G / P C M ~ T ~ l O / M = T H O M ~ S  

OR1 
OF 

TEST NO= 82-02q RUN NO. 7 



106 LIGHTNING/PCM/TKlO/M.THOMQS TEST NO- 82-02Y RUN NO. 8 

D DOT FWD A/m2 
I I - I 

N CD eF 0 
c. 

0 I I I w ! ! ' ! ! ! ! ! ! ! ! ! ' ! ! ! ! ! ! ! ! \ \, 



106 LIGHTNING 



0 
0 

- - 
t 

106 LlGHTNING/PCM/TKlO/M.THO~R~ TEST NO. 82-02'4 RUN NO. 10 

I D DOT FWD A/m2 
M I I Y 

t 



0 
0 

106 LIGHTNING/PCM/TK1O/MnTHOMRS TEST NO- 82-02'4 RUN NO. 11 

I c) DOT FWD A/m2 



106 LIGHTNINGIPCM/TKIO/M.THOMQS TEST N O -  82-02g RUN NO. 12 

L 
1 
I 

1 
w -E- O c 



106 L I G H T N I N G / F C M / T K ~ O / M ~ ~ ~ O M ~ S  TEST NO- 82-02q RUN NO. 13 

D DOT FWD A/m2 
I 

0 

- - - 



106 LIGHTNING/PCM/TKlO/M.THOM~~ TEST NO. 82-0211 

D DOT FWD A/m2 

RUN NO* I11 



106 LIGHTNING/PCM/TKlO/M~TH0M~S 5 



106 LIGHTNING/PCM/TKlO/M.THOM~S RUN NOm 1 E  



0 

106 L I G H T N I N ~ / P C M / T K I ~ / M ~ T H O M ~ S  TEST NO. 82-021.1: RUN NO. 17 

D DOT F W D  A/m2 
I 

0 

c 
W 

Iu cn 
Y 

D DOT F W D  A/m2 
I 
Y 

0 

c 
W 

Iu cn 
Y 

II 



106 LIGHTNING/PCM/TKlO/M.THOMRS TEST N O -  82-029 RUN NO. 18 

D DOT FWD Aim2 

4 vr 



F106 LIGHTNING/TKlO/PCM/M.THOMQS TEST NO. 82-026 RUN NO. 1 

D DOT FWD Aim2 



F106 LIGHTNING/TKlO/PCM/MoTHOM~S TEST N o -  82-026 RUN NO. 2 

D DOT FWD A/m2 



F106 LIGHTNING/TKlO/PCM/M.THOMQS TES 2-0 



F106 LIGHTNING/'TKlO/PCM/M-THOMFIS TEST NO. 82-027 RUN NO* 1 

D DOT FWD A/m2 
I 



F106 L I G H T N I N G / T K I O / P C M / ~ n T H ~ M ~ S  TEST NO. -0 RUN NO= 2 

D DOT FWD A/m2 
I 

I '  I I I 

w 
4 

m 
? 
~~ 0 



F106 LIGHTNING/TK1O/PCM/M.THOMRS TEST NO-  82-027 RUN NO*  3 

D DOT FWD A/m2 
L-L 

I 
w I I 
Iu a CF 0 A= Iu 

0 

r-. 
W 
4 

Iu 
u1 



F106 LIGHTNING/TKlO/PCM/M.THOMRS TEST NO. 82-028 RUN NO* 1 



F106 L I G H T N I N G / T K l ~ ~ P C M / M g T H O M ~ S  TEST NO-  82-028 RUN N O -  2 

D DOT FWD A/m2 



RUN NO. 3 F106 LIGHTNING/TKlO/PCM/M.THOMRS TEST NO. 82-028 

D DOT FWD A/m2 



Fi06 LIGHTNING/TKiO/PCM/M.THOMRS TEST NO- 82-028 RUN NO. Y 

D DOT FWD A/m2 



F106 LIGHTNING/TKlO/PCM/M.THOMRS TEST NO- 82-028 RUN NO-  5 



F106 L I ~ H T N I N G / T K I O ~ P C M / M u T H ~ M ~ S  TEST NO. 82-028 RUN NO. 6 

E I :E- cn L 



TEST NO- 82-028 RUN NO. 7 F106 LIGHTNING/TKlO/PCM/M.THOMRS 

D DOT FWD A/m2 



F106 L I G H T N I N G / T ~ l O / P C M / M g T H ~ M ~ S  TEST NO- 82-028 RUN NO. 8 

D DOT FWD A/m2 
I 

I - 

O: 



F106 L I G H T N I N G / T K . l ~ / M ~ T H O ~ ~ S  TEST NO. 82-029 RUN NO. 1 



FlOG LIGHTNINGITK. lD/M.THOMRS TEST NO. 82-023 RUN NO. 2 



0 
0 

F106 LIGHTNING/TK.1O/M.THOMRS TEST NO. 82-030 RUN NO- 1 

D DOT FWD A/m2 



Fl06 LIGHTNING/TK - IO/M.THOMRS TEST NO. 82-030 RUN NO. 2 

D DOT FWD A/m2 



F106 LIGHTNING/TK.lO/M.THOMRS 

D DOT FWD A/m2 

TEST NO. 82-030 RUN NO* 3 



F106 LIGHTNING/TK lO/M.THOMFlS TEST NO= 82-032 RUN NO. 1 

D DOT FWD A/m2 
I 
I-. I I I-. 

4 
ul 



F106 LIGHTNING/TK8/M=THOM~S TEST NO- 82-032 

Lo 
0 

0 0 0 0 
c3) 
0 

I I I 8 DOT L T/S 
8 24 Lo 03 

0 0 
0 .o 0 

0 1111111~111111111~1 I I I I I I I ] ~ l I I I I I l l I ~1111111 l l~ l11111111~  

RUN NO* 2 



F106 LIGHTNING/TK 10IM.THOMRS TEST NO. 82-032 RUN NO* 2 

D DOT FWD A/m2 
C-L 

I 
c.. I I 
n3 W rF OD 

0 1 1 1 l 1 1 1 ~ l l 1 1 1 1 l l 1 ~ 1 1 1 1 l l 1 1 1  

. 
- 



F106 LIGHTNING/TK.lO/M.THOMRS 

D DOT FWD A/m2 

TEST NO. 82-03'4 RUN NO. 1 



F106 LIGHTNING/TK.lO/M.THOMRS TEST NO. 82-03q RUN NO. 2 

I D DOT FWD A/m2 



FlOf; L I G H T N I N G / T K . l O / N . T H 0 M ~ ~  TEST NO- 82-03q 

D DOT FWD A/m2 

RUN NO. 3 



F1OB LIGHTNING/TK.lO/MnTHOMRS TEST NO. 82-031-1: RUN NO= Y 



F106 L I GHTNI NG/TK 1 O/M THOMRS TEST NO- 82-03'4 RUN NO. 5 

D DOT FWD A/m2 



F106 LIGHTNING/TK.lO/M.THOMRS TEST NO. 82-035 RUN NO. 1 

D DOT FWD A/m2 



Fi06 LIGHTNING/TK.iO/M.THOMRS TEST N O -  82-035 RUN NO. 2 

D DOT FWD A/m2 
I 



F 106 L I GHTN I NG/TI.I 8/THOMRS TEST NO= 82-037 RUN NO. 1 

I I I B DOT L T I S  
SI 

0 0 0 0 
u) 0 
0 0 

0 0 -m i-ri-q -n- mi '/mrTTTTpTTmn?mTTrrq 

4 

-_.- 

w a 

0 

!- 



F106 LIGHTNING/TK lO/THOMFIS TEST NO= 82-037 RUN NO. 1 



F106 LIGHTNING/TK WTHOMRS TEST NO- 82-037 RUN NO. 2 



F106 LIGHTNINGITK 10/THOMRS TEST NO9 82-037 

D DOT FWD A/m2 

RUN NO. 2 
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H 

F 106 L I GHYN I PIG/ TK 8./THOMFIS TEST NO* 82-037 RUN NO. 3 



F106 L I G H T N I N W T K  10/THOMRS TEST NO= 82-037 RUN NO. 3 

D DOT FWD A/m2 
I I C-L 

i 
c1 

i 



F106 L I G H T N I N W T K  WTHOMFIS 

. 

TEST NO. 82-037 RUN NO. II 

I B DOT L T I S  I I 

3 m 
0 

0 
0 

0 0 
8 03 

0 
0 0 * o b - !  4 1  I ! ! ! i! ! ! ! p-c! ! ! ! ! ,  , I  i I I I I I I I I I I I I1 I I I 

3 

I 

4 
ul 



F106 LIGHTNING/TK 10/THOMRS TEST NO= 82-037 RUN NO. II 

D DOT FWD A/m2 
I 1 - I 

Iu OD FF 0 
e-L 

0 



F106 LIGHTNING/TK 8/THOMRS TEST NO- 82-038 RUN NO. 1 



F106 LIGHTNINGlTK WTHOMFIS TEST NO. 82-038 

0 rl 0 2 4 m 

RUN NO. 2 



F106 LIGHTNINGlTK 10/THOMFtS TEST NO. 82-038 

D DOT FWD A/m' 
I 

RUN NO. 2 



Fl06 LIGHTNING/TK 8/TtiOMFIS TEST N O *  82-038 

I I B DOT 
8 m 

U 0 

-- 

RUN NO. 3 



F106 LIGHTNING/TK WTHOMFIS TEST NO. 82-038 RUN NO. 4 

I 1 ,E3 DOT L T/S 
0 0 E3 0 : W 

0 $? w 0 
0 0 
0 0 0 

1 1 1 1 , 1 1 1 , , 1 1 1 1 1 , 1  1 1 1 1 1 1 1 1  

E 

E3 W 
0 

0 0 0 

I I ,E3 DOT L T/S 
8 W CT) 

0 0 
0 0 0 

0 

OD 
4 

Fv m 

Y 
CllI 

cn 
0 
&- 



FlO6 LIGklTNING/TK 10ITHOMRS TEST NO= 82-038 RUN NO. L l  

D DOT FW5 A/m2 
I 



F106 L I G H T N I N W T K  8/THOMRS TEST NO- 82-038 RUN NO. 5 



F1O6 LIGHTNING/TK iO/THOMQS TEST NO- 82-038 RUN NO. 5 



F106 L I G H T N I N U T K  10/THOMRS TEST NO. 82-038 RUN NO. 6 

D DOT FWD A/m2 
I 

I 
e-L 

0 l i l I I I I J I I I I I I l l I J I I I I l l I l ~  



F106 L I G H T N I N W T K  WTHOMFIS TEST N O -  82-038 

I m 
0 
0 

I B DOT 
w 
0 

RUN NO. 7 



F106 LIGHTNING/TK lO/THOMQS 

D DOT FWD A/m2 

TEST NO- 82-038 RUN NO. 7 



F106 LIGHTNING/TK 8/THOMRS TEST NO-  82-038 

I I I 5 DOT L T I S  
Lo 0 
0 0 0 0 
0 0 0 

RUN NO. 8 



F106 LIGHTNINGlTK 10/THOMFIS TEST NO. 82-038 RUN NO. 8 

D DOT FWD A/m2 



06 GHTN I IG/TK8/ THOMQS TEST NO. 039 RUN NO. 1 

# 
0 

I I 6 DOT L T I S  
cn w 
0 0 

io 
0 

I 
co 

N 



F106 LIGHTNING/TK1O/M .THOMRS TEST NO. 039 RUN NO. 1 



F106 LIGHTNING/TK8/M.THOMRS TEST NO. 039 RUN NO. 2 

03 
0 

I I I B DOT L T/S 
w w 
0 0 

0 0 0 0 

Lo 
0 $2 

K"-m 
, 1 1 1 , 1 1 1 , 1 1 1 1 1 1 1 1 1 1 1 1  

03 
0 

I I I B DOT L T/S 
w w 
0 0 

0 0 0 0 

Lo 
0 $2 

, 1 1 1 , 1 1 1 , 1 1 1 1 1 1 1 1 1 1 1 1  



F106 LIGHTNING/TKlO/M.THOMF!S TEST NO. 039 

D DOT FWD A/m2 
I 

Iu a3 t4= 0 
I I Y +b 

*.;"Fmrr;i 0 



F106 LIGHTNING/TK8/MoTHOMFlS TEST NO. OLTO 

4 

RUN NO. 1 



F106 LIGHTNINGITKIO/M.THOMRS TEST NO. 030 

D DOT FWD A/m2 

RUN NO. 1 



F106 LIGHTNING/TK8/M.THOMRS TEST NO. OqO RUN I d o m  2 

I I 6 DOT L T/S 
% % 

0 
% w 

0 
0 0 0 

1 

0 
8 
0 0 

% 
0 

c 
W 
-4 

ffl cn 

w 
-4 
s1: 

cn 
0 



F106 LIGHTNING/TK8/MgTH0MRS TEST NO. 0qO 

I I I B DOT L T/S 
8 $9 

I " ' " ' " ' I  

% 
0 

8 w 
0 3 0 0 0 0 0 

1 1 1 1 , 1 1 , 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 l l l ~ 1 1 1 1 1 1 1 1 1 ( 1 1 1 1 1 1 1 1 1  
J 

RUN NO= 3 



F106 LIGHTNING/TKZO/M.THOMRS TEST NO= 0'40 

D DOT FWD Aim2 
I 
Y 

RUN NO. 3 



TEST NO. O W  RUN NO* '4 F106 LIGHTNING/TK8/M.THOMFlS 



F106 LIGHTNING/TK1O/M.THOMRS 

0 
0 

TEST NO. 0'40 RUN NO. II 



F106 LIGHTNING/TK8/M.THOMQS TEST NO. O W  RUN NO. 5 



F106 L1GHTNING/TK8/MmTHOMRS TEST NO= 040 RUN NO= 6 

0, co w 
0 0 0 

I I I 6 DOT L T/S 
i3 m 0 

0 0 
0 0 0 0 0 0 

c) 

r-. 
W 
4 

N 
u1 

Y 
JT 
u1 
0 



F106 LIGHTNING/TKIO/M.THOMRS TEST NO. 090 

D DOT FWD A/m2 
I 

Iu 03 I.+= C I 
I 
c1 

RUN NO* 6 



F106 LIGHTNING/TK8/M9THOMQS TEST NO. 0'40 RUN NO. 7 

I I I B DOT L T/S 
8 
0 

3 
0 

w 
0 

0 0 0 0 0 

Lo 
0 3 

1 , 1 , , 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , 1 ,  I " " " "  1 1 1 1 1 1 1 1 1 " 1 1 1 1 1 1 1 " 1 1 1 1 1  



F106  LIGHTNING/TKlO/fl.THOMRS 

D DOT FWD A/m2 

TEST NO. O W  RUN NO. 7 



F106 LIGHTNING/TK8/M.THOMRS TEST NO- 0110 RUN NO- 8 



F106 LIGHTNING/TK 8/THOMFIS TEST NO. 82-0111 RUN NO. 1 



F106 LIGHTNING/TK 8/THOMRS TEST NO- 82-0'41 RUN NO. 2 



F106 LIGHTNING/TKlO/THOMRS TEST NO-  82-041 RUN NO. 2 

D DOT FWD A/m2 



F106 LIGHTNING/TKlO/THOMRS TEST NO. 82-091 RUN NO. 3 

D DOT FWD A/m2 
I 



Fl06 LIGHTNING/TK 8/THOMFIS TEST NO- 82-0111 RUN NO. kk 



F106 LIGHTNING/TKlO/THOMFlS TEST NO- 82-0'41 

D DOT FWD A/m2 
I 
N a, I$ 

I I w 

RUN NO. '4 



F106 LIGHTNING/TK 8/THOMRS TEST NO. 82-0'41 RUN NO= 5 



F106 LIGHTNING/TK 8/THOMRS TEST NO-  82-0111 RUN NO. 6 

I I I 8 DOT 
0 
0 

u) rJ) 
0 0 
0 0 0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ,  

I " " " " ' I " " ' "  



F106 LIGHTNING/TKlO/THOMQS 

5 DOT FWD Aim2 

TEST NO- 82-0’41 RUN NO. 6 

I 
C 

I 
I 
Iu a> IF 
- 



F106 LIGHTNING/TK 8/THOMRS TEST NO. 82-0'-l RUN NO. 7 

I i , 6  DOT L T/S 
w 
0 

0 0 0 0 
W 
0 g 

0 

I-- 

W 
4 

N cn 

0 
4 
d= 

CJl 
0 

=% 

2; 

0 2  

- I -  

O '  

0 cn 
171 
0 
z c o  

E g  

lD 
0 cn 
N cn 

a W 
0 0 

0 0 0 0 0 0 0 
W 
0 

I i , 6  DOT L T/S 
8 w 

0 g 
0 

I-- 

W 
4 

N cn 

0 
4 
d= 

CJl 
0 

=% 1 

0 

0 cn 
N cn 

9 

a 8 0 
W 
0 



RUN NO- 7 F106 L I ~ H T N I N G / T K 1 O / T H O M ~ S  TEST NO. 82-0111 

D DOT FWD A/m2 
I 



F106 LIGHTNING/TK 8/THOMFIS TEST NO. 82-0'41 RUN NO. 8 



F106 LIGHTNING/TKIO/THOMRS 

D DOT FWD A/m2 
I I 

I 
6-b 

TEST NO- 82-0q1 RUN NO. 8 



F106 LIGHTNING/TKlO/THOMRS 

I D DOT FWD A/m2 

TEST NO. 82-0'41 

I I 

RUN NO. 9 



F106 LIGHTNING/TK 8/THOMRS TEST NO. 82-0’41 RUN NO. IO 

I I I B DOT 
k!l 24 

0 0 
1 1 1 1 1 , 1 1 1 1 1 1 1 1 1 , 1 1 1 1 , 1 1 1  



F106 LIGHTNING/TKlO/THOMQS TEST NO. 82-0’41 RUN NO. 10 

D DOT FWD A/m2 
I 



F106 LIGHTNINGlTK 8/TWOMQS TEST NO= 82-0111 RUN NO. 11 

I 

0 
m Lo 
0 0 

0 0 0 0 0 

I I B  DOT L T/S 
8 ?4 0 

0 3 
0 

0 

c 
OD 
4 

ru m 



F106 LIGHTNING/TKIO/THOMRS TEST NO- 82-0'41 

D DOT FWD A/m2 

- 
i . 

RUN NO. 11 



F106 LIGHTNING/TK WTHOMRS TEST NO. 82-0'41 RUN NO. 12 

3 
43 w 

0 
0 

I I B DOT L T/S 
43 

0 
w 
0 
0 

I 

0 0 
0 



F106 LIGHTNING/TKlO/THOMQS 

D DOT FWD 
I 

TEST NO. 82-0’41 

A/m2 
Y 

4 
wl 

RUN NO. 12 



F106 LIGHTNINGt'TK WTHOMFIS TEST NO. 82-0'41 RUN NO. 13 

u) 
0 

0 0 0 0 0 0 0 

u) 
0 

m 
0 

w 
0 

I I I B  DOT L T/S 
8 $2 

0 

c 
W 
4 

N 
ul 

0 
-3 
SI 

VI 
0 

z m  -2 

u) 
0 

0 0 0 0 0 0 0 

u) 
0 

m 
0 

w 
0 

I I I B  DOT L T/S 
8 $2 

c 

8 
VI 
0 

- 
w :I c 0 4 VI 





F106 L I G H T N I N W T K  WTHOMRS 

I I , B  DOT L T/S 
% 
0 

io 
0 
0 0 

, 1 , 1 1 1 1 1 1 1 1 1 , 1 1 1 , 1 , 1 1 1 1 1 1  

I " " " ' ' I * " " 

TEST NO. 82-0'41 RUN NO. 1t.l: 



F106 LIGHTNING/TKlO/THOMRS TEST NO. 82-0'41 RUN NO. 19 

D DOT FWD A/m' 
I 



F106 LIGHTNINGjTK WTHOMRS TEST NO- 82-0’41 RUN NO. 15 



F106 LIGHTNING/TKlO/THOMRS TEST NO. 82-0q1 RUN NO. 15 



F106 LIGHTNING/TK 8fTHOMRS TEST NO. 82-0Y1 RUN NO. 16 

I I I B DOT L T I S  
$3 3 

0 
% 
0 

3 
0 0 0 0 

23 
0 

0 

I-. 

3 
N cn 

Y 
L 

#l 
0 

-3 
UI 



F106 LIGHTNING/TKlO/THOMRS TEST N O -  82-0111 RUN NO. 16 

D DOT FWD A/m2 



F106 LIGHTNINGiTK 8/THOMRS TEST NO= 82-0'41 RUN NO. 17 



F106 LIGHTNING/TKlO/THOMRS * TEST NO* 82-0'41 RUN NO. 17 



F106 L I G H T N I N W T K  WTHOMFIS TEST NO= 82-0’41 RUN NO. 18 

T/S 



0 

TEST NO. 82-0'41 F106 LIGHTNING/TKlO/THOMQS 

D DOT FWD A/m2 

RUN NO. 18 



F106 LIGHTNINGlTK 8/THOMRS TEST NO- 82-0111 RUN NO. 19 

8 
0 

8 w 
0 

0 0 0 

I I I B DOT L T/S 
8 8 

0 
43 
0 0 

0 

c 
CD 
4 

N 
Cn 

0 
4 

cn 
0 

?= 

crl 
0 7  
c 

N 

cn 
0 

0 

4 cn 



F106 LIGHTNING/TKlO/THOMQS TEST NO 0 82-0111 RUN NO. 19 



F106 LIGHTNING/TK 8/THOMFIS TEST NO- 82-0'41 RUN NO. 20 

8 w 
0 

I I I B  DOT L T I S  
!2 

0 0 0 8 0 
I " " " " ' I " "  I ~ l l l l l l l l l ~ l l l l l l l l l ~ l l i l l l l l l ~  
3 
0 0 

1 1 1 1 1 1 1 1 1 1 1 , 1 1 1 1 1 , 1  

J 



Fi06 LIGHTNING/TKiO/THOMRS 

D DOT FWD A/m2 
c-. I I w 

I 
Iu Q) CF 0 I.!= - 0 

- 
a7 

N a 
? 

w 
-4 
s1: 

ul 
0 

TEST NO - 82-0'41 RUN NO. 20 



F106 LIGHTNING/PCM/TK.8/THOMRS TEST NO- 82-0'42 

, B DOT L T/S 

RUN NO- 1 



F106 LIGHTNING/PCM/TK.IO/THONQS TEST NO- 82-0Y2 

D DOT FWD A/m2 

LE- O 

RUN NO. 1 



F106 LIGHTNING/PCM/TKm8/THOMRS TEST NO. 82-0'42 RUN NO. 2 

I I I E3 DOT L T/S 
0 0 0 0 0 0 0 

# 
0 

0 



F106 L IGHTNI NG/PCM/TK .1 O/THOMQS TEST NO. 82-0112 RUN NO. 2 



fgj 
3-Y 

F106 LIGHTNING/PCM/TK-8/THOMRS TEST N O =  82-0112 RUN NO- 3 

J cn 



F106 LIGHTNING/PCM/TK.lO/THOMRS TEST NO- 82-0’42 RUN NO* 3 

I D DOT FWD A/m2 



F106 LIGHTNING/PCM/TKg8/THOMFIS TEST NO. 82-0’42 RUN NO. L i  



F106 LIGHTNING/PCM/TK~lO/THONQS TEST NO- 82-042 

I D DOT FWD Aim2 
I I w 

Iu co IG 
, I  I I I I I I I I ,  I ,  I l r l l l l l l l y  

I ” ” ” ” ’ I ” ’ ’ ” ”  



F106 LIGHTNING/PCM/TKO8/THOMRS TEST NO. 82-0'42 RUN NO. 5 

Lo 
0 
0 

I I t B DOT L T/S 
8 w 

0 
0 0 0 0 0 0 

8 cn 
0 

1 , 1 1 1 1 , 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I i ~ ~ ' " " ~ " ' i ' " ~ I " ~ ~ ' ' ~ ~ ' I  



F106 LIGHTNING/PCM/TK.lO/THOMQS TEST NO. 82-0'42 

T 

RUN NO= 5 



F i 0 6  LIGHTNING/PCM/TKn8/TH0MRS TEST N O =  82-0112 RUM NO. 6 

u) 
0 

0 0 0 0 0 
cn 
CY 

I I I B DOT L T/S 
% % k? 
0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , 1 1  

I " ' " " ' ~ 1 " ' " "  



TEST NO- 82-0'42 RUN -NO- 6 F106 L I G H T N I N G / P C M / T K ~ l O / T H O M ~ ~  

D DOT FWD A/m2 



F106 L IGHTNING/P~M/TK.~ /THOM~S TEST NO. 82-0112 RUN NO. 7 



F106 LIGHTNING/PCM/TK.lO/THOMfE TEST NO= 82-0'42 RUN NO. 7 

D DOT FWD A/m2 



F106 LIGHTNING/82-0'42/PCM/TK.8/THOM 2-0q2 RUN NO. 8 



F106 LIGHTNING/82%092/PCM/TK 1 O/THOMFIS TEST NO 9 82-0112 RUN NO= 8 

D DOT FWD A/m2 

I " " " "  

w 
N m k 0 OD R> 

0 1 l 1 1 1 1 1 1 l 1 1 1 1 1 1 1 l 1 1 1 1 1 1 [  
I 

I 
I-. 



F106 LIGHTNING/PCM/TK.8/THOMRS TEST NO9 82-0112 RUN NO. 3 

I I 1 6 DOT L T/S m 
0 

w 
0 

0 0 0 0 0 0 23 % 
0 

0 

I-- 
W 

N cn 
;-7 

w 
4 sr 
cn 
0 

L 
+-+I- 

u) 
m - 

m 
N 

c 

cn 

0 

-4 cn 



F106 LIGHTNING/PCM/TK.lO/THOMRS TEST NO. 82-0'42 RUN NO*  9 

I D DOT FWD Aim2 



OR1 
OF. 

F106 LIGHTNING/TK 8/THOMRS TEST N O -  82-0q3 RUN NO. 1 



F106 LIGHTNING/TKlO/THOMRS TEST NO= 82-0113 RUN NO. 1 

I Fl 



F106 LIGHTNING/TK 8/THOMFIS TEST NO. 82-0’43 RUN NO- 2 



F106 LIGHTNING/TKlO/THOMRS TEST NO= 82-0113 

I Fl 

i- 

t 

RUN NO. 2 

0 
0 



F106 LlGHTNING/PCM/TK8/M=THO~~S TEST NO. 82-0'4!! RUN NO. 1 



F106 LIGHTNING/PCM/TKlO/M.THOMFjS TEST NO. 82-01111: RUN NO. 1 



F106 LIGHTNING/PCM/TK8/M=THOMRS TEST NO. 82-0YY RUN NO. 2 



F106 LIGHTNING/PCM/TMlO/M.THOMQS TEST NO. 82-01111. RUN NO. 2 



F106 LIGHTNING/PCM/TK8/M.THOMRS TEST !do= 82-OLll-1. RUN NO. 3 

w 

I 0 It= 
I I I I DOT fl/S 
b io ir, 0 ir, io b 
It= w )-. 

0 I l l l r l l ~ l l i l l l l l l ~ l l l l l l l l l ] " ! ! ! ! ! ! ! ' ! ! ! ! ! ! ! ! ! ' ! ! ! ! ! ! ! ! !  x 

c 

-4 sr 
VI 
0 

0, 
0 



F106 LIGHTNING/PCM/TK1O/M.THCIMFIS TEST NO= 82-0Y-L RUN NO. 3 



F106 LIGHTNING/PCM/TK8/~=THOM~S TEST NO. 82-0LiLL RUN NO. 

'1 'r. 

0, 
0 



F106 LIGHTNING/PCM/TKlO/M.THOMRS TEST NO. 82-0'411 RUN NO. '4 



F106 LIGHTNINGiTK 8/M.THOMRS TEST NO- 82-0117 RUN NO- 1 



F106 LIGHTNING/TK lO/M.THOMRS TEST NO. 82-0117 RUN NO. 1 
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ORIGINAL 
OF POOR QUALITY 

DATA LOGGER TEST NO, 82-926 RUN 2 
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DATA LOGGER TEST NO, 82-041 RUN 8 
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DATA LOGGER TEST NO, 82-041 RUN 18 
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DATA LOGGER 
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TEST I O ,  82-944 RUN 2 
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DATA LOGGER 
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